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* design analysis; (2) fatigue testing; (3) production, service, and corrosion de-
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~Scrvy---a-d--i~-0-~±'presents data tAbulations derived from historical trends and
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SAIFE ~ ~ ~ t coptrpora,)lmKVcontains detailed computer logic flow diagrams and
acomplete listing of te program which is written in SIMSCRIPT 11.5. Volume V
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INTRODUCTION

The Structural Area Inspection Frequency Evaluation (SAIFE) computerr simulation was developed for the FAA under contract DOT-FA74WA-3493 by
Technology Inc., Dayton, Ohio. The computer program simulates the
structural inspection program of an airline fleet. SAIFE accounts for
the following factors:

1 . Aircraft design analysis

2. Component and full scale fatigue testing
3. Production, service and corrosion defects
4. Probability of crack or corrosion detection
5. Aircraft component repair or modification

The original computer model has been extensively modified by the Engineering
and Manufacturing Branch, Flight Standards National Field Office.
Modifications have occurred in program input, simulation logic, and
program output. Major modifications were:

1. Replacement of the two crack growth rate model by a four crack
growth rate model.

2. Introduction of sampling at the D-level inspection in that
certain aircraft receive an internal inspection based upon program input
and program logic.

3. Additional logic to calculate the probability of aircraft
failure based upon crack distribution.

4. Changes to inspection reliability curves which determine
probability of defect detection at a given inspection level.

5. Changes to logic for reducing inspection intervals and scheduling
special inspections based on crack detection.

During the program modification period Technology Inc. provided support
under an additional FAA contract.

SYSTEM DESCRIPTION

The eight blocks in Figure I represent the major aspects of the SAIFEsimulation logic. Block 1 accepts input data for the aircraft fleet and

for each structural element in the aircraft. After determining whether
element modifications are required because of the fatigue test results
in Block 2, Block 1 assigns a Fatigue life to each element in each
aircraft. Block 3 determines whether production, service, or corrosion
defects will occur; if it is determined that such defects will occur,
Block 3 predicts the times when they will occur. After comparing the
flight loads with the strength of each element, Block 4 predicts the
time to failure for each element. Block 5 conducts the periodic inspec-
tions of each element. If defects are detected, Block 6 repairs the
element and assigns it a new fatigue life. However, if an existing
defect is allowed to grow until element failure, Block 5 deletes theaircraft from the fleet. Depending on the magnitude of the detected
defects, special inspections and increased inspection frequencies may be
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called for in Block 7 and modifications may be instituted in Block 8.
When all the aircraft have been deleted from the fleet or retired from
service, the simulation is complete.

GENERAL PROGRAM DESCRIPTION

The SAIFE program is a large, complex math model designed to simulate
the structural performance of an aircraft fleet and the effectiveness of
the inspection program for the aircraft fleet. The aircraft model in
the computer simulation is divided into structurally significant elements
and the inspection program for each element is defined. Structural
defects are classified as follows: fatigue and corrosion which are
wear-out and aging phenomena; production or design defects; and, opera-
tional or maintenance damage. These defects and the inspection program
are treated as probabilistic phenomena interacting over time. SIMSCRIPT
11.5 (trademark, Consolidated Analysis Centers, Inc., Los Angeles,
California), a computer language designed for discrete-event simulation
applications, was chosen for the SAIFE simulation.

SAIFE uses ten random number streams to generate the probabilistic
phenomena in the simulation. Because random numbers generation is
computer word length dependent, different computer systems will generate
different random numbers and thus different output for a given set of
input data. This has been noticed since the computer program has been
run on both IBM and CDC comiputers. Results may be duplicated on a given
computer since the compiler initializes the seeds for the random number
streams to the same value before each run. An option has been incor-
porated in the computer program so that the user can input seeds to
evaluate independent trials for a given set of input.

Because of the extensive detail, the program events and routines are
described in Appendix A,

PROGRAM INPUT

The program input consists of three parts. The first part consists of
input variables which pertain to the aircraft type under consideration.
These variables are input only once per simulation run and are constant
from element to element. If the user desires to input random number
seeds, the ten seeds are input after the aircraft input. The second
part of the input consists of long list data if standard output is not
used. The third part of the input consists of input variables whose
values are unique to each element. These variables must be input in
their entirety for each element being simulated.

-3-
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AIRCRAFT DATA. The input variables which pertain to the aircraft type
are listed and described below in the order in which they are read in
by SAIFE.

MODrLL(*J - This one-dimensional alpha array of size two identifies
the aircraft type under cunsideration. The total length of this
identification cannot exceed eight characters.

SIZE.OF.FLEET - This integer variable is the number of aircraft in
the fleet being simulated. The output format requires that this
variable does not exceed 99999.

USAGE.LIFE - This real variable is the service life in flight hours
of the aircraft being simulated. All aircraft in the fleet must
have the same service life. The output format requ1iies that this
variable does not excee.d 9999999.

BEGIN.PRODUCTION - This real variable is the time in flight hnur3
relative to tI-estart of the simulation when the first aircraft
enters service. This variable in conjunction with the input variable
START.TEST enables the user to start the fatigue test of the element
before, after, or at the same time the first aircraft enters service.

PRODUCTION.TIME - This real variable defines the initial aircraft
production rate. It is the time in flight hours between aircraft
entering service.

2.PRODUCTION.TIME - This real variable defines the second aircraft
production rate. It is the time in flight hours between aircraft
entering service.

PRCHG - This real variable is the simulation time when the second
"ai-craft production rate takes effect. Note that this time is
measured from the time that the first aircraft enters service and
not from the start of the simulation.

START.TEST - This real variable is the time in flight hours relative
to the start of the simulation when the fatigue test of an element
is begun. If no fatigue test is to be conducted, this variable is
set to the machine upper limit.

TEST.ACCEL.FACT - This real variable is the fatigue test acceleration
factor, that is, the quotient of the equivalent flight hours divided
by the fatigue test hours.

C.GROWTH.RATE - This real variable is the corrosion area growth rate
in square inches per hour for the aircraft being considered. The
growth rate for each element *in the aircraft is modified by its
associated CRR (corrosion resistance rating).

-4-
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C7f- If a modification is developed because of a fatigue test
Ifailure, this real variable is the percentage (expressed as a

decimal fraction) of the test life when the inspection frequency
V •is increased.

C28 - This real variable is the percentage (expressed as a
deecimal fraction) reduction in the remaining fatigue life of an
element when corrosion occurs in a stress concentration.

C29 - This real variable is the percentage (expressed as a
decimal fraction) reduction in the remaining faLigue life of
an element when corrosion occurs outside a stress concentration.

MU.R - This real variable is the mean of the log-normal
distribution of the ratio of the actual average fatigue life
to the predicted average fatigue life.

SIG.R - This real variable is the standard deviation of the
log-normal distribution of the ratio of the actual average
fatigue life to the predicted average fatigue life.

DLL - This real variable is the design limit load in g's above
the l-g level.

1ABCD(1) - This real variable is the inspection interval in
flight hours of the A-level inspection. It remains constant
throughout the simulation.

lABCD(2) - This real variable is the inspection interval in
f- ightours of the B-level inspection. It remains constant
throughout the simulation.

"C- This one-dimensional real array of size four contains
thinspection cost at each level of inspection. CABCD(l)
corresponds to the A-level cost; CABCD(2) corresponds to the
B-level cost; CABCD(3) corresponds to the C-level cost; and
CABCD(4) corresponds to the D-level cost.

S.OPT - This alpha variable is "YES" if the random number seeds
ar-eto be input; it is "NO" if seeds are not input.
LONG.LIST - This alpha variable is "NO" if standard output and
Sfor detailed output on particular aircraft. (LONG LIST

DATA).

FAIL.OPT - This integer variable is "1" for output of probability
of failure that is based on averaging individual element failure
rates to obtain element type failure rates. This integer variable
is "2" for output of probability of failure that is based on using
a log-normal crack distribution and a curve fit of probability of
failure versus crack length to obtain element type fellure rates.
This integer variable is "3" if both options are desired.
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FAT. TEST.FACTOR- This real variable is the probability of
a fatigue test being done on the structural element. This
real variable is compared with a random number to determine if
the fatigue test is done. If the fatigue test is not done,
the fatigue test life is set to 9999999.

ACTUAL.AVG. FAT. LIFE - This real variable is the actual average
fatigue life in flfght hours determined by fatigue test. If
this value is not known, input zero and SAIFE will determine
it statistically.

LEAD.TIME - This real variable is the time in flight hours
b•etween when a decision is made to develop a structural
modification and the time the modification is available for
installation.

T.FREQ.CHG - This real variable is the percentage expressed
as a decimal fraction that the D-level inspection interval is
reduced due to a fatigue test failure.

S.FREQ.CHG - This real variable is the percentage expressed
as a decimal fraction that the D-level inspection interval is
reduced due to service experience.

FREQ.DECREASE - This real variable is the percentage expressed
as a decimal fraction that the C and D-level inspection
intervals are increased due to favorable service experience.

A. REPAIR.COST - This real variable is the repair cost at the
A-level inspection.

B.REPAIR. COST - This real variable is the repair cost at the
B-level inspection.

C.REPAIR.COST - This real variable is the repair cost at the
C-level inspection.

D.REPAIR.COST - This real variable is the repair cost at the
D-level inspection.

1ST.TOOLING - This real variable is the tooling cost of the
first structural modification.

AD.TOOLING - This real is the tooling cost in the development
of any additional structural modifications.

IST.MD.COST - This real variable is the installation cost of
the first structural modification.

-6-
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AD.MD.COSI - This real variable is the installation cost of
any additional structural modification.

S.REPAIR.COST - This real variable is the repair cost of a
defect detected during a special inspection.

SU - This real variable is the element ultimate strength inTs above the l-g level.

SF - This real variable is the element fail safe strength in
7s above the l-g level.

S1 - S10 - These integer variables are the ten random number
seeds and are input only if S.0PT - "YES". Any integer value
may be used as input.

LONG LIST DATA. Occasionally in the standard output, elements will appear
with unusually long fatigue cracks or early element failures. It is
desirable to have a more complete service history of aircraft with these
early element failures than that offered by the standard output. This
service history is available through what is called the long list option.
This output option is accessed by reading in alpha characters "YES" for
the aircraft input variable LONG.LIST. After this input, the element
description and identification numbers of the aircraft to be tracked are
read in. The input variables for the long list option are listed and
described below in the order in which they are read in by SAIFE.

NOE - ThiF integer variable is the number of elements to be
processed under the long list option.

ELID(*,* - This two-dimensional alpha array of size four by
NOE identifies each element to be processed. This identifica-
tion must appear in the first sixteen columns of the data card
and must be identical to the description read into the variable
ELEMENT(*) described in ELEMENT DATA.

NOAC(*) This one-dimensional integer array of size NOE is the
number of aircraft to be tracked for each corresponding element.

TLID_*,_,_ - This two-dimensional integer array of size NOE byJ

R(C-) -contains the identification numbers of the aircraft to
be tracked for a particular element.

ELEMENT DATA. The input variables which are unique to each element and
must be read in for each element are listed and described below in the
order in which they are read in by SAIFE.

-7-



ELEMENT(*) - This one-dimensional alpha array of size four
identifies the element being simulated. The total length
of this identification cannot exceed sixteen characters.
The SAIFE program distinguishes between elements that are
pressure loaded and flight loaded. Elements that are pressure
loaded must start with characters FUS- and have MFR- as
characters five through eight or FRM- as characters nine
through twelve. Any characters can be used for the flight
loaded elements.

PREDICTED.LIFE - This real variable is the average element
fatigue life in flight hours predicted by analysis. If the
actual average fatigue life is known, this variable can be
entered as zero.

MI.MEAN - This real variable is the average first external
crac! growth rate in inches per flight hour.

M2.MEAN - This real variable is the average second external
crack growth rate in inches per flight hour.

LGHT.TO.FAILURE - This real variable is the length in inches
at which the crack reaches failure under a l-g load

CONE - This real variable is the crack length in inches at
w-h'ich the first external crack growth rate changes to the
second external crack growth rate. (First external critical
crack length).

FSAF.LGT - This real variable is the length in inches at which
the crack reaches the fail-safe length.

BIRTH.DEFECT.PROBABILITY - This real variable is the probability
of a production defect.

CRR - This integer variable is the corrosion resistance rating.

SDM.OCCURRENCE.RATE - This real variable is the occurrence
rate of service damage per element per aircraft per flight
hour.

I.PROB - This real variable is the probability of cracks
erriginating internally.

C.PROB - This real variable is the probability of corrosion
originating internally.

INT.LVL.INSP - This alpha variable is the letter identifying
the lowest internal level inspection.

8-



EXT.LVL.INSP - This alpha variable is the letter identifying
the lowest external level inspection.

MOD.TEST - This alpha variable is input as "YES" if a
structural modification is to be fatigue tested. Otherwise
it is input as "NO".

LOCATED. IN.STRESS.CON - This real variable is the probability
that there is corrosion in a stress concentration.

1ICDM.OCCURRENCE.RATE - This real variable is the initial
corrosion occurrence rate in occurrences per element per
aircraft per flight hour.

2.CDM.OCCURRENCE.RATE - This real variable is the second
corrosion occurrence rate in occurrences per element per
aircraft per flight hour.

CDM.RATE.CHANGE - This real variable is the aircraft service
time in flight'-hours when the second corrosion occurrence
rate takes effect.

L.EXT - This real variable is the length in inches at which
a crack originating internally becomes external.

M3.MEAN - This real variable is the average third external
r-a-cTgrowth rate in inches per flight hour.

M4.MEAN - This real variable is the average fourth external
crack growth rate in inches per flight hour.

CTWO - This real variable is the crack length in inches at
wihh the second external crack growth rate changes to the
third external crack growth rate. (Second external critical
crack length).

CTHREE - This real variable is the length in inches at which
the third external crack growth rate changes to the fourth
external crack growth rate. (Third external critical crack
length).

INT.CONE - This real variable is the length in inches at which
the first internal crack growth rate changes to the second
internal crack growth rate. (First internal critical crack
length).

INT.CTWO - This real variable is the length in inches at which
the second internal crack growth rate changes to the third
internal crack growth rate. (Second internal critical crack
length).

• -9
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IN.CTHREE - This real variable is the length in inches at
which the third internal crack growth rate changes to the
fourth internal crack growth rate. (Third internal
critical crack length).

I- This real variable is the initial inspection
7ntervil in flight hours of the C-level inspection.

1 D - This real variable is the initial inspection
interva7 in flight hours of the D-level inspection.

POP.SIZE - This integer variable is the number of elements
of the s ame type on the aircraft. It is not necessary to
input all elements of the same type. A sampling may be
used and SAIFE will extrapolate the probability of failure
calculation to the total number of elements actually in the
aircraft.

AMEAN - This real variable is the result of fitting an
exponential curve to flight or pressure load exceedance
data. AMEAN*exp(BL) is the number of loads per hour which
exceed the load level (L).

B - This real variable is the result of fitting an exponential
curve to flight or pressure load exceedance data. AMEAN*exp(BL)
is the number of loads per hour which exceed the load level (L).

I
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FORMAT SPECIFICATIONS. Most of the input data are entered into SAIFE by
the free-form read statement. The program has only three formatted read
statements.

The aircraft type identification, the alpha array MODEL, is entered
under the format specifications 2A4. This identification must be containedI in the first eight columns of the first card of the Aircraft Input Data.
All subsequent data in this section can appear in any columns and on as
many cards as desired. All input values must be separated from one
another by at least one blank column and a value cannot be continued on
the next card.

The element identification alpha array ELID is entered under the format
specification 4A4. This identification must be contained in the first
sixteen columns of the long list element data card. Subsequent data can
appear in any column and on as many cards as desired. When a second
element is to be identified, its description must again appear in the
first sixteen columns of the data card.

The element identification alpha array ELEMENT is entered under the
format specification 4A4. This identification must be contained in the
first sixteen columns of the first card of each set of Element Input
Data. As in the Aircraft Input Data, all subsequent data in this
section can appear in any columns and on as many cards as desired.

SAMPLE INPUT. Sample input data consisting of aircraft input data and
four sets of element input data are illustrated in Figure 2. The
aircraft type identification is HYBRID. The four cards immediately
following the aircraft type contain the aircraft input data. The
element input data begins immediately after the element identification
on the same card and terminates on the last card before the next element
id, itification. The card following the last set of element input data
must contain EOD in the first three columns. Note this input is for
standard output since LONG.LIST = "NO".
Sample input data to obtainlong list output on the last element (FUS-

MRF-SID-1740) of the sample case are shown in Figure 3. Long list data
are requested on aircrafts 148 and 162. In this case we are duplicating
the output of the sample case in Figure 2 by inputting the random number
seeds appropriate to element FUS-MFR-SID-1740. Note that S.OPT = "YES"
and LONG.LIST = "YES" in the aircraft data in Figure 3. The ten random
number seeds follow the aircraft data. Next comes the long list data
and finally the element data. Element output can be duplicated on a
given element without rerunning all the elements ahead of the desired
element by using the random number seed option.

- 11 -
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PROGRAM OUTPUT

Each element to be simulated by SAIFE is identified by three groups of
alpha characters and one group of nuumeric characters. The alpha characters
define the basic element type and general location on the aircraft, and
the numeric characters define the specific location of the element by
identifying the wing or fuselage station number. For example, an
element identified as WNG-STR-CEN-396 would be a wing stringer located
midway between the front and rear spars and centered at wing station
396.

The standard program output consists of two parts. The first part
consists of the simulation results for each specific element. This part
is printed for each set of element input data. The second part consists
of a sunriiary of the first parts for an element type. In the example
discussed above, WNG-STR-CEN identifies the element type. Whenever the
program encounters a set of element input data in which any single
character of the three groups of alpha characters differs from those in
the previous set of element input data, a summary is printed.

The program also has a long list form of output. This output consists
of a detailed time history of individual elements and aircraft. This
form of output would generally be used after a standard output has been
obtained on element data. Generally, only the elements that long list
output is desired on is rerun using the seed option to input the appropriate
random number seeds for the desired elements.

STANDARD OUTPUT, ELEMENT DATA. Figure 4 illustrates the standard output V
for the input shown in Figure 2. The random number seeds and aircraft
numbers for aircraft having corrosion, production defects, and service
damage are printed on the first page. The random number seeds are the
initial seeds for each element. Since the initial seeds for an element
are dependent on the history of the preceding element, it is necessary
to know the initial element seeds, if one wanted to duplicate a particular Ielement without rerunning all the previous elements.

On the next page, the aircraft type identification, number of aircraft
in the fleet, aircraft service life, structural element identification,
predicted average fatigue life, actual average fatigue life, and fatigue
test life are printed at the top of the page.

The number of occurrences in the fleet and the times to initiation of
the four types of aircraft defects considered by SAIFE are displayed
next. Whenever there is a fatigue crack initiation and there are no
other cracks in the element, a first carck is said to have occurred. A
single element can experience more than one first crack in its lifetime
by having a crack initiation after a repair. Similarly, there can be
more than one occurrence of corrosion and service damage defect to exist
simultaneously in the same element.
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iI
Production defects are one-time occurrences unless there is a structural
modification installed. These, too, can have production defects. The
times to defect initiation are measured from the time when the aircraft
enters service for the initial defects and from the time when the
aircraft was last repaired for subsequent defects.

Next, the number and lengths of cracks detected in the fleet at each level
of inspection are printed. These numbers include second crack detections.
Following the crack detection output are the number and areas of corrosion
defects detected in the fleet at each level in inspection. A history
of the inspection interval changes is printed next, Each time that the
aircraft service experience indicates that either an interval increase
or an interval decrease is needed, the new interval values are printed.
The history of the inspection intervals includes the modification in
effect at a given interval, the D-level internal sampling change, and the
time the interval changed. A modification number of 0 indicates the element
was not modified. Although the number of interval changes allowed in the
simulation is unlimited, the output array size limits the number printed to
30.

A table of crack lengths versus cumulative probability of failure is
printed next. This table includes aircraft number, flight hours, crack
length, and probability of failure. Flight hours equal to the service
time indicate that the crack was never detected or repaired. Times other
than this indicate when the crack was repaired or a modification was
installed.

The number of fleet-wide special inspections performed is printed next.
Next, the number of structural modifications developed is printed. This
number includes modifications because of fatigue test failures or aircraft
service experience. The final actual average fatigue life is printed next.
If there have been no modifications, this number will be the same as that at
the top of the page. If there have been modifications, this number is the
actUdl average fatigue life of the most recently developed modification.

Shown next is the number of aircraft modified in service. If the only
modification developed was due to a fatigue test failure, this number can
be zero if the test life was such that retrofits were not required. If
there were more than one modification requiring retrofits, this number can
be greater than the size of the fleet. Printed next is the element failure
rate. Finally, each time an aircraft experiences structural failure or
its residual strength reaches its fail-safe strength, the aircraft number
and the number of accrued flight hours are printed. The aircraft number
is assigned by its relative time of entry into service. Aircraft No. I
is the first aircraft to enter service.

- 27 -
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STANDARD OUTPUT SUMMARY DATA. A summary is shown in Figure 4 after

the element output. Number and time to initiation of aircraft
defects, number and length of cracks detected at each level of
inspection, number and area of corrosion defects detected at each
level of inspection, initial, mini num and maximum Inspection intervals,
number of special inspection conducted, number of structural modifica-
tions, number of aircraf- modified in service, structural failures,
and fail safe lengths are summaries of the element data output. Also
included is the element type failure rate. Element type failure rate
car) be calculated by two methods. One is by simply taking the average
of the individual element failure rates and multiplying by the total
element type POP.SIZE. The other method uses a log normal distribution
to generate additional cracks to account for the POP.SIZE. The
probability of failure from the additional cracks is obtained from a
semi-log curve fit of crack length versus probability of failure for
the existing input elements of the element type. The constants of the
curve fit and the mean and standard deviation of the crack lengths
are shown. The output of the type of probability of failure
calculation is dependent on the input quantity FAIL.OPT.

After the last element summary, the aircraft failure rate is printed.
The aircraft failure rate is based on pressure and flight loaded
structure. Two types of failure rates can be printed, depending on
the input quantity FAIL.OPT. Next the five maximum crack lengths
divided by the fail-safe length are printed for flight and pressure
loaded structure and the two failure options. The cracks based on
averaging are weighted by the POP.SIZE divided by the total number
of element types that are input. Thus, the same crack may appear more
than once for the averaging option. Cracks based on the curve fit
option include both the cracks that occur in the structural element
and additional cracks that are generated to account for POP.SIZE.
Finally, a failure summary is printed.

LONG LIST DATA. If the long list option is used, a detailed time
hTstory of elements and aircraft are printed. A long list printout
for the input in Figure 3 is shown in Figure 5. Long list print
information is contained in the following events and routines:

| 1. , . ...

T ' • ' " l... i i i i " i i -- - • - '' " i• • i• -- J



1.- Event ENTLR.SERVICE
2. Routine INSTALL.M'ODIFICATION
3. Event IN.SERVICE.DAMAGE

k"4. Event CORROSION
5. Event 1.STRENGTH.REDUCTION
6. Event 2.STRENGTH.REDUCTION
7. Event 1.ITE
8. Event 2.ITE
9. Event D.LEVEL. INSPECTION

10. Routine EXAMINE
11. Event REACH.FAIL.SAFE.LGT
12. Event FAILURE
13. Event RETIRE.FROM.SERVICE
14. Event REPAIR
15. Event T.INSPECTION.INCREASE
16. Event INCREASE. INSPECTION.PREQUENCYI
17. Event IMMEDIATE.FLEET.INSPECTION
18. Event DF.CISION.ON.MODj
19. Event IMPLEMENT.MODIFICATION

-29-
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APPENDIX A

DETAILED PROGRAM DESCRIPTION

In the following detailed description of the SAIFE program, each event
and routine in the program is presented separately. Each presentation
consists of a description, the definition of the local variables, if
any, and major logic steps including subroutine calls and event scheduling
as necessary. All events, subroutines, and variables are capitalized.
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PREAMBLE

DESCRIPTION - The PREAMBLE is the definition section of a SIMSCRIPT
program. All global variables and global arrays are defined. Temporary
entities are defined and tally statistics are identified. Event
notices and functions are defined and an event priority order is set.
Global variables which are input variables are not included here but
can be found in the input section.

Global Real Variables

FLEET.STR.RED - This variable is the sum of.crack lengths found in
the fleet since the last inspection frequency change.

lAAFL - This variable is the actual average fatigue life of the
element design determined in the MAIN program.

CRRF - Assigned a value in routine INITIALIZATION according to
the element corrosion resistance rating, this variable is
multiplied by the aircraft corrosion growth rate to give the element
corrosion growth rate.

COST.OF.REPAIRS - This variable is the sum of repair costs for the
fleet since the last modification.

FIXIT.COST - This variable is the cost of repairing a defect found
at a particular inspection level. Its value is set in the inspection
events.

CHG.FREQ.TIME - This variable is set equal to TIME.V whenever an
inspection interval change is scheduled in the event REPAIR.

ICRKT - Each time a first crack occurs, this variable is set equal
-to--he service time on the aircraft.

ICORT - Each time corrosion occurs, this variabl'e is set equal to
siervice time on the aircraft.

ISDT -Each time service damage occurs, this variable is set equal
ftohe service time on the aircraft.

ACRKL, BCRKI., CCRKL, DCRKL, SCRKL - Each time a crack is found during
an A-level, B-level, C-level, D-Tevel, or Special inspection,
the corresponding variable is set equal to the crack length.

ACA, SCA, CCA, DCA, SCA - Each time corrosion is found during an
A 1-1eve l,, B-level, C-level, D-level, or Special inspection, the
corresponding variable is set equal to the corrosion area.

A-level.B-levl C l 0e , or S l in , t



AIRFRAME.TIME - This variable is the number, of flight hours accumulated"sInTce thelast modification for aircraft no longer in service,

G•GCRK - Each time a first crack occurs, this variable is set equal to theservice time on the aircraft.

GICOR - Each time corrosion occurs, this variable is set equal to thet. Fservice time on the aircraft.

GISD - Each time service damage occurs, this variable is set equal to the'service time on the aircraft.

GACRK, GBCRK, GCCRK, GDCRK, GSCRK - Each time a crack is found during an A-level, B-level, C-level, D-level, or Special inspection, the correspondingvariable is set equal to the crack length.

GACA, GBCA, GCCA, GDCA, GSCA - Each time corrosion is found during an A-leviel, B-level', C-level, D-level, or special inspection, the corresponding
variable is set equal to the corrosion area.

CINSL, DINSL - Each time there is an inspection interval change, thesevariables are set equal to the C-level and D-level intervals, respectively.
ABC.OLD - This variable is used to store the value of the C-level inspection
interval prior to a interval reduction.

ABCD.OLD.D - This variable is used to store the value of the D-levelinspection interval prior to an interval reduction.

t SAMP.SIZE - This variable is the number of elements of an element type that
is input.

LAMDA - This variable is used to store intermediate data in calculating theaircraft failure rate.

ELTYP.FAIL.RATE - This variable is the element type failure rate.
AC.FAIL.RATE - This variable is the aircraft failure rate due to flight
loads.

AP.FAIL.RATE - This variable is the aircraft failure rate due to pressureloads.

SDIF - This variable is used to store element residual strength.

RLGT - This variable is used to store crack lengths in calculatingeTFe-Tent residual strength reduction rates.

AEXP- This variable is the result of fitting a curve AEXP*EXP(BA*CL) tocrack length versus probability of failure.
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I BA - This variable is the result of fitting a curve AEXP*EXP(BA*CL)
to the crack length versus probability of failure.

AVGL - This variable is the average of element type crack lengths.
STDL - This variable is the standard deviation of element type

crack lengths.

The global integer variables are listed next. Again, input
variables are not included in this list.

Global Integer Variables

ID - In each event and routine, this variable is the identification
n-umber of the aircraft being processed.

IDCK - This variable is initialized to zero and incremented by i.
one each time an aircraft enters service.

I - This variable is used as a local index or array subscript in
different locations in the program.

COUNT.ELEMENT - Each time new element data is read in, this variable
is incremented by one. i
NICHG - This variable is the number of times that the inspection

intervals have changed.

LHTA - This variable is the identification number of the aircraft
among the ten high-time aircraft with the fewest flight hours.

I.NUM.OF.RETIRE - This variable is the number of aircraft that
have been retired from service.

2.NUM.OF.CRASH - This variable is the number of aircraft which
have been removed from service because of structural failure.

XTRNL - This variable is the nurmeric identification of the lowest
internal level of inspection.

EXT. INSP.LEVEL - This variable is the numeric identification of
the lowest external level of inspection.

LIL, LEL - These variables are the numeric identifications of the
-owes-tinternal and external levels of inspection, respectively.

If either of these variables is less than three, it is set equal
to three.

TO.BE.MODIFIED - This variable is the number of aircraft with
a pending retrofit modification.
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[; •' BEEN.MODIFIED - This variable is the number of aircraft that have
'had a current retrofit modification installed.

FDCK - This variable is the number of aircraft in service when
i -modification is implemented because of a fatigue test failure.

01CR OCOR, OSDM, OPD - These variables are the number of occurrences
6 -fTirst-craks, corrosion, service damage, and production defects,
respectively, for a particular element.

OSCR, OSCO - These variables are the number of cracks and corrosion
defects, respectively, detected during a special inspection for a
particular element.,

NSIC - This variable is the number of special inspections conductedfor a particular element.
NSMD - This variable is the number of aircraft modified in service

for a particular element. 1

NSFL - This variable is the number of aircraft experiencing
structural failure for a particular element. A

NMD - This variable is the number of structural modifications
ma-e on a particular element.

NRFS - This variable is the number of aircraft with the residual
strength for a particular element reaching the fail-safe strength.

SNRFS - This variable is the number of aircraft with the residual
strength for a particular element type reaching the fail-safe
strength.

J -. This variable is used as a local index or array subscript in
different locations in the program.

LDX - If the long list option is in effect, this variable is the
ascending sequential position of the element being processed
among those elements read in under the long list option.

GOICR, GOCR, GOSDM - These variables are the number of occurrences
of first cracks, corrosion damage, and service damage,
respectively, for a particular element type.

GOSCR, GOSCO - These variables are the number of cracks and corrosion
defects, respectively, detected during a special inspection for a
particular element type.

GOPD - This variable is the number of occurrences of production
deTe-cts for a particular element type.
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SNSIC - This variable is the number of special inspections conducted for
a particular element type.

SNMD - This variable is the number of structural modifications made on a
particular element type.

SNSMD - This variable is the number of aircraft modified in service for a
pa-rTcular element type.

SNSFL - This variable is the number of aircraft experiencing structural
failure for a particular element type.

CR.CTR - This variable counts the number of detected cracks.

OLD.SAMP - This variable stores the value of D-level internal sampling
prior to an interval reduction.

MOD.NO - This variable counts the number of structural modifications for
each element.

NCZ - This variable is used as a counter in calculating the probability
oTfailure.

NCZO - This variable is used as a counter in calculating the probability
ofa ailure.

NTIME - This variable is the number of times an inspection interval change
occurs.

SAMPLING - This variable is the sampling at the internal D-level inspection.
For a sampling of 4, aircrafts 1, 5, 9 ... receive internal inspections on
their first D-level inspection. Aircrafts 2, 6, 10... receive internal
Inspections on their second D-level inspection. Sampling is iniLialized
to 48000 divided by IABCD(4).

Alpha Variables

TES.FAILURE - This variable is set to YES if there is a fatigue test
failure.

PREVIOUSLY.MODIFIED - This variable is set to YES if an element has been
""modified.

IMP.MOD.SCH - This variable is set to YES if the event IMPLEMENT.MODIFICATION
is scheduled.

LTHO - This variable is set to YES if LONG.LIST is input as YES.

DEC.ON.MOD.SCH - This variable is set to YES if event DECISION.ON.MOD is
scheduled.
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SELl, SEL2 SEL3 - These variables contain parts of the element name and
are used t distinguish between pressure loaded and flight loaded structures.

SM.CRK - This variable is set equal to NO if a large crack occurs and YESi-f-a-small crack occurs.

PRIOR.CR - This variable is set equal to YES when more than one crack
occurs in an element.

DEC. INT - This variable is set equal to YES when an interval decrease is
scheduled.

D.INT. FIND - This variable is set equal to YES if a crack is found in an
interval D-level inspection.

DONE - This variable is set equal to YES when the inspection interval is
first reduced.

IFLAG - This variable is set equal to YES when the inspection interval
sTi educed due to a fatigue test failure.

Real Arrays

C.INTERVAL, D. INTERVAL- The elements of these arrays are the current
Mevel and D-level inspection intervals for each aircraft In the fleet.

ABCD - This array is of size four and contains the most recent intervals
-o"F-each of the four levels of inspection.

CKREP.TIME - This array is the simulation time of the most recent crack
repair for each aircraft.

COREP.TIME - This array is the simulation time of the most recent corrosion
repair for each aircraft.

LAST.SD - This array is the simulation time of the most recent occurrence
of-service damage for each aircraft.

OCCUR.MOD - This array is the simulation time when the most recent
dTification was installed for each aircraft.

SC, SD - These arrays contain each of the inspection interval changes for
the C-level and D-level, respectively.

XRN - This array is the random number selected to calculate the time until
structural failure for each aircraft.

MRDD - This array is the simulation time of the most recently detected
defect at all inspection levels for each of the ten-high aircraft.

CGRI - This array is the corrosion multiplying factor for each aircraft.
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MSRl, MFRl, MSR2, MFR2, MSRI.INT, MFRI.INT, MSR2.INT MFR2.INT - These
variables are the n•d-vidual element crack gro rates. There are four
external rates and four internal rates.

INT.LGT - Elements of this array are set equal to L.EXT for aircraft
whose cracks originate internally. They remain zero for aircraft whose
cracks originate externally.

SRRATE - This array contains the aircraft strength reduction rates.

T.LAST.D - This array contains the last D-level inspection interval
sinmiulFTon time.

TRCHG - This array contains times used in the calculation of probability
ofilure.

CLGT - This array contains the length of all element type cracks.

AFACT - This array contains a loading spectrum value drawn from a log
normal distribution of AMEAN and divided by AMEAN for each aircraft.

CHG.TIME - This array records the times changes are made in the
inspe-tion intervals.

FSAVE - This array 4s used to save the five largest cracks on flight
looaded structure based on failure option 2.

PSAVE - This array is used to save the five largest cracks on pressure
lToaded structure based on failure option 2.

AVFSA - This array is used to save the five largest cracks on flight
Tloade-d structure based on failure option 1.

AVPSA - This array is used to save the five largest cracks on pressure
To-a-d-ed structure based on failure optionl.

The following are the integer arrays. Again, unless otherwise noted,
all arrays are 1-dimensional and input arrays are not included.

Integer Arrays

AISR, A2SR - These arrays contain the event notice identification numbers
for each aircraft for the events I.STRENGTH.REDUCTION, and 2.STRENGTH.
REDUCTION, respectively.

"AF - This array is the event notice identification number for each aircraft
for event FAILURE.

AIRPLANE - This array is the temporary entity identification number for
each aircraft.
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AAL, ABL, ACL, ADL - These arrays are the event notice identification
""numbers f- ai)ircraft for the events A.LEVEL.INSPECTION, B.LEVEL.
INSPECTION, C.LEVEL. INSPECTION, and D.LEVEL. INSPECTION, respectively.

AC, ATII - These arrays are the event notice identification numbers for
e aircraft for events COROSION and T.INSPECTION.INCREASE, respectively.

ACIU - This array contains the identification numbers of those aircraft
experiencing structural failure for a particular element.

OICRY OICO - These arrays are the number of cracks and corrosion defects,
respectively, detected at each of the four levels of inspection for a
particular element.

SACID - This array contains the identification numbers of those aircraft
experiencing structural failure for a particular element type.

GOICR, GOICO - These arrays are the number of cracks and corrosion
defects, respectively, detected at each of the four levels of inspection
for a particular element type.

HI.TIME.ACRFT - This array contains the identification numbers of the
tene•high_-t-i-ie aircraft.

APID - This array contains the identification numbers of those aircraft
w-T'ta particular element whose residual strength has reached the fail-
safe strength.

SAPID - This array contains the identification numbers of those aircraft

w-'it-a particular element type whose residual strength has reached the
fail-safe strength.

STIM - This array contains the flight hours on each aircraft when the
residual strength for a particular element reaches the fail-safe strength.

SSTIM - This array contains the flight hours on each aircraft when the
residual strength for a particular element type reaches the fail-safe
strength.

.__FLTHR - This array contains the flight hours on each aircraft when
struictural failure occurs for a particular element.

SFLTHR - This array contains the flight hours on each aircraft when
structural failure occurs for a particular element type.

ARFSL - This array is the event notice identification number'for eachaircraft for event REACH.FAIL.SAFE.LGT.

AlE, A2E - These arrays are the event notice identification numbers for
each aircraft for events L.ITE, 2.ITE, respectively.
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D.IN - This array is used in determining which aircraft receive an
n-t-ernal D-level inspection.

SAMP - This array contains the sampling used at different inspection
intervals.

MOD.CTR - This array counts the number of modifications for eachaicat.

MOD.SAVE - This array contains the modification at each different
inspection interval.

PFID - This array contains the aircraft number for aircraft that have
cracks.

PFTIM - This array contains the time on the aircraft for cracks used
to calculate probability of failure.

The global alpha arrays are listed next. As before, input arrays are
not included in this list.

Global Alpha Arrays

I.CR.EXISTS, 2.CR.EXISTS - The elements of these arrays are set equal to
"Y "for each aircraft whenever there is a first and second initiation,
respectively.

CO.EXISTS - This array is set equal to "YES" for each aircraft when it
has corrosion initiation.

SD.SCH - This array is set equal to "YES" for each aircraft that has
event IN.SERVICE.DAMAGE scheduled.

SSTAN - This array is the station-number which identifies each aircraftexpe-riencing the failure of a particular element type.

SELNB - This array is the station number which identifies each aircraft
w---Fa particular element type whose residual strength has reached the
fail-safe strength.

AIL, FSH - This array is set equal to "YES" for each aircraft when
events REACH.FAIL.SAFE.LGT and FAILURE, respectively, are scheduled.

IEl iE2 - This array is set equal to "YES" for each aircraft that has
evenT. ITE and 2.ITE, respectively, scheduled.

TMOD.PENDING - This array is set equal to "YES" for each aircraft that
has a modifTcation pending because of a fatigue test failure.
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SMOD.PENDING - This array is set equal to "YES" for each aircraft that
has a modification pending because of service experience.

INSP.SCH - This array is set equal to "YES" for each aircraft that hasinspecti'ons below the overhaul level scheduled.

.NINT - These arrays are set equal to "YES" for each aircraft
thtaa first crack or second crack, respectively, initiated internally.

C.INT - This array is set equal to "YES" for each aircraft that has
corrosion initiated internally.

D.EXT - The appropriate element of this array is set equal to YES when
an aTrcraft receives a D-level external inspection.

El, E2, E3, E4 - These arrays are used to store the names of structural
elements that have aircraft failures.

The temporary entity definitions and tally statements are self-explanatory.
The events, functions, and routines are described in detail in the
following sections.
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MAIN

DESCRIPTION - In the MAIN program, space is reserved for all global arrays.
Thle following operations are performed in the order given: all input data
are read in; the actual average fatigue life of the element is calculated;
the fatigue test life is calculated; the necessity of a structural nodifi-
cation because of a fatigue test failure is determined; the element type
failure rate is calculated; the first event ENTER.SERVICE is scheduled;
and the simulation is initiated.

Local Variables

FIRST.LIFE - This real variable is the fatigue test life in flight hours.

NFTS - This real variable is the time in flight hours from which the
sec'ond production rate goes into effect to when the last aircraft enters
service.

PE - This real variable is used to store intermediate values to calculate
TFobability of failure.

PROB - This real variable is used to store intermediate Values to
cal-culate probability of failure.

SAIL -. This real variable is the earliest simulation time at which a
str'uctural modification because of a fatigue test failure is ready for
installation.

MAJOR LOGIC STEPS

1. Reserve aircraft arrays.
2. Read input data.
3. Call SUM.INITIALIZE.
4. Call INITIALIZATION.
5. If new elelemnt type data:

a. Call ESTIMATE.FAILURE.RATE.
b. Call SUMMARY.

6 If actual average fatigue life is 0: (Call REAL.LIFE).
7. Calculate fatigue test life (Call FATIGUE.LIFE.SCATTER).
8. If fatigue test failure (Schedule T.IMPLEMENT.MOD).
9. Start simulation.

10. Call DISPLAY.OUTPUT.
11. Read new element data.
12. If EOJ STOP.
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ROUTINE INITIALIZATION

DESCRIPTION This routine is called immediately after reading each new
set of element input by the MAIN program. This routine changes the inspection

level codes to numeric values, sets the corrosion growth multiplying
factor based on the corrosion resistance rating, and resets the tally
counters. It also initializes all the element global variables which are
not part of the input.

I
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ROUTINE SUM.INITIALIZE

DESCRIPTION - This routine is called from the MAIN program each time a new
element type is read in. The element type is identified by the first
twelve characters of the element identification. This routine initializes
the global variables and rests the tally counters.
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ROUTINE COMP.RISK

DESCRIPTION - This routine determines the probability of failure due to a
ffirsft or second crack. Failure due to a first crack is based on a five
part strength reduction cuirve and failure due to a second crack is based
on a nine part strength reduction curve. If a second crack exists the
length relationships of the first and second crack must be determined.
These are dependent on the three critical crack lengths and the four crack
growth rates. The logic for testing all the combinations of first crack
critical lengths to second crack critical lengths is lengthy. This
routine is called from routine INSTALL.MODIFICATION and events CORROSION,
2.STRENGTH.REDUCTI.ON, REACH.FAIL.SAFE.LGT, FAILURE, RETIRE.FROM.SERVICE
and REPAIR.

Local Variables

A - This real variable is obtained for each aircraft from a log-normal
3istribution defined by AMEAN.

AZRD - This real variable is used to store intermediate values in calculat-
Tii-the probability of failure.

CCLI, CCL2, CCL3 - These real variables are the first, second, and third

critical crackengths.

CL - This real variable is the sum of the first and second crack lengths.

CLI, CL2 - These real variables are the first and second crack lengths.

DLCI DLI, DL2 - These real variables are used to store intermediate
vales in calculating first and second crack length.
Kl14, K15, Kl6, KIT7, Kl8, KI9, K20, K21, K22,K23 K24, K25, K26, K27 -

*l T-he- rea• variables are used to store intermediate results in calculating
the probability of failure.

RS - This real variable is the residual strength of an element.

SR, SRI, SR2, SR3, SR4, SR5, SR6, SR7 - These real variables are strength
reduction rates.

Sl, S2, S3, $4, S5, S6 - These real variables are strength reductions at

th•-three critica-_crack lengths for the two cracks.

TAC - This real variable is the simulation time to corrosion initiation.

TAl - This real variable is the simulation time to the first crack initia-
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TA2- This real variable is the simulation time to the second crack initia-
t_-_n.

T, TI, Tll, T12, T2, T21, T22, T23, T3, T4, T5, T6 - These real variables
are intermediate time variables used in calculating the probability of
failure.

. ,
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ROUTINE ESTIMATE.FAILURE.RATE

DESCRIPTION - This routine determines the failure rate of an element type.
his routine fits a semi-log curve to crack length versus probability of

failure for all cracks that occur in the individual elements of the
element type. If a sample of elements is used, the routine determines
the average number of cracks per element and extrapolates the total
number of cracks to the actual element population. The additional cracks
are generated with a log-normal distribution using the mean and standard
deviation of the cracks in the element sample. The probability of
failure:of the additional cracks is determined from the curve fit of
crack length versus probability of failure. The element type failure
rate is then determined and returned to the calling program. In addition,
the five largest cracks in terms of fail-safe length are determined and
saved each time the routine is called. Cracks are saved in four
categories as described in the discussion on program output. This routine
is called from the MAIN program.

Local Variables

C - This real variable is used to count the number of cracks with a
probability of failure equal to zero.

CL - This real variable is the crack length.

LYS, XLYS - These real variables are used as intermediate storage in the
curve fit procedure.

NUM.CRKS - This real variable is the additional cracks generated in the
routine to account for the POP.SIZE of the element type.

PE,PF,PROB,DET - These real variables are used as intermediate storage
in calculating the element type failure rate.

ýgL - This real variable is the sum of the squares of the crack lengths.

SUML - This real variable is the sum of the crack lengths.

T - This real variable is the fleet service life.

I, IK, J, K, KI, KK, NN, TEMP - These variables are used in determining
the five largest cracks to save.

:5
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t ROUTINE REAL.LIFE

DESCRIPTION - This routine accepts (1) the predicted average fatigue life
oT an element (2) the mean and standard deviation of the ratio of the
actual average fatigue life to the predicted average fatigue life. A
random selection is made from a log-normal distribution and multiplied by
the predicted average fatigue life. The ratio of the actual element
fatigue life to the predicted fatigue life is limited from .1 to 10.0.
The resulting actual average fatigue life is returned to the calling
program. REAL.LIFE can be called from the MAIN program and events
IMPLEMENT.MODIFICATION and T. IM"LEMENT.MOD.

Local Variables

MEAN - This real variable, whose value is passed from the calling routine,
is-t)he mean of the ratio distribution.

RATIO - This real variable, determined to be log-normally distributed, is
t e ratio of the actual fatigue life of an element design to its predicted
fatigue life.

STD.DEV - This real variable, whose value is passed to the calling routine,
is the standard deviation of the ratio distribution.

PDL - This real variable is the design predicted average fatigue life
pased from the calling routine.

RFL - This real variable is the element actual average fatigue life which
Ts returned to the calling routine.
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EVENT ENTER.SERVICE

DESCRIPTION - This event represents the entry into service of a new
aircraft. The temporary entity AIRCRAFT is created and identified by the
variable AIRPLANE (ID). The entity attributes TAIL.ID and FNTRY.TIME are
defined and the AIRPLANE is filed in the set ACTIVE.FLEET. AFACT is
determined for each aircraft from a log-normal distribution using input
AMEAN. The routine FATIGUE.LIFE.SCATTER is called to determine the times
to first and second crack initiation. Element external and internal crack
growth rates are calculated. The times to corrosion initiation and
service damage are calculated. If either of these times is less than the
service life of the aircraft, the corresponding defect is scheduled. The
probability of a production defect is determined. If there is a pro-
duction defect, the time to first crack initiation is replaced by a time
drawn from a distribution of times to crack initiation of aircraft with
production defects. Crack initations, D-level inspection, and retirement
from service are also scheduled. If the present aircraft is not the last
aircraft in the fleet, another EN1ER.SERVICE is scheduled. This event is
scheduled in the M.AIN program and within itself.

Local Variables

ASD - This real variable is the standard deviation equal to ,15 *AMEANused to determine AFACT.

DEFECTLIFE - This real variable is the time to first crack initiation
when the aircraft has a production defect,

FIRST.LIFE - This real variable is the time to first crack initiation when
the aircraft has no production defect.

HOURS.TO.CORROSION - This real variable is the time to corrosion initia-
tion.

INT.FASTI - This real variable is the standard deviation of the second
initernal crack growth rate distribution.

INT.FAST2 - This real variable is the standard deviation of the fourth
internal crack growth rate distribution.

INT.SLOW1 - This real variable is the standard deviation of the first
internal crack growth rate distribution.

INTSLOW2 - This real variable is the standard deviation of the third
internal crack growth rate distribution.

OURS.TO.SERVICE.DAMAGE - This real variable is the time to service damage
occurrence.

535



RN- This real variable is a uniformly distributed random number between
zero and one.

STD.FASTI - This real variable is the standard deviation of the second
external crack growth rate distribution.

STD.FAST2 - This real variable is the standard deviation of the fourth
external crack growth rate distribution.

STD.SLOW1 - This real variable is the standard deviation of the first
externa-crack growth rate distribution.

STD.SLOW2 - This real variable is the standard deviation of the third
external crack growth rate distribution.

MAJOR LOGIC STEPS

1. Create AIRCRAFT2. Calculate times to first and second crack initiation

(Call FATIGUE.LIFE.SCATTER)
3. Calculate external and internal crack growth rates (Call

RATE eight times).
4. Calculate corrosion time (Call PREEDICT.CORROSION).
5. Calculate service damage time (Call PREEDICT.SERVICE.DAMAGE).
6. If corrosion occurs in aircraft service life (Schedule

CORROSION).
7. If service change occurs in aircraft service life (Schedule

IN.SERVICE. DAMAGE).
8. Determine if production defect occurs.
9. If first crack occurs in aircraft service life (Schedule

1.STRENGTH.REDUCTION).
10. If second crack occurs in aircraft service life (Schedule

2.STRENGTH.REDUCTION).
11. Schedule D.LEVEL.INSPECTION.
12. Schedule RETIRE.FROM.SERVICE.
13. Schedule ENTER.SERVICE for next aircraft if not last aircraft.
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ROUTINE FATIGUE.LIFE,SCATTER

DESCRIPTION m This routine receives the actual average fatigue life of the
element design and calculates the fatigue test life and the time to crack
initiation of the two fatigue cracks. These times are random selections
from a two-parameter Weibull distribution. If the routine is not being
used to calculate fatigue test life, then crack initiation times are
adjusted by dividing them by AFACT. This routine can be called from the
MAIN program, INSTALL.MODIFICATION, ENTER.SERVICE, and REPAIR.

Local Variables

ALPHA - This real variable is the shape parameter of the fatigue life
distribution.

BETA - This real variable is the scale parameter of the fatigue life
atEribution.

FIRST.LIFE - This real variable is the fatigue test life or time to first
crack initiation.

LIFE - This real array of length two is used to temporarily store the
times to crack initiation.

N - This integer variable, passed from the calling routine, identifies the
random number stream to be used.

RFL - This real variable is the element actual average fatigue life
passed from the calling routine.

RN - This real variable is a uniformly distributed random number.

SECOND LIFE - This real variable is the time to second crack intiation.
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ROUTINE. INSTALL.MODIFICATION

DESCRIPTION - This routine represents the installation of a structural
modification caused by a fatigue test failure or by aircraft service
experience. The modification is installed during a repair or a D-level
inspection. All previously scheduled defect initiations are cancelled,
and new times to defect initiations are calculated for each aircraft when
it is modified. This routine can be called from the event REPAIR and
D.LEVEL.INSPECTION.

Local Variables (Same as ENTER.SERVICE except no variable ASD).

MAJOR LOGIC STEPS

1. Call COMP.RISK if crack exists.
2. If inspection scheduled (Call CANCEL.SCHEDULED. INSPECTIONS).
3. Cancel FAILURE, CORROSION, 1.STRENGTH.REDUCTION, 2.STRENGTH.

REDUCTION, I.ITE, 2.ITE, and REACH.FAIL.SAFE.LGT If
scheduled.

4. Do steps 2-10 in ENTER.SERVICE.
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EVENT IN.SERVICE.DAMAGE

DESCRIPTION - This event represents the occurrence of a service damage: • efe-ct. This occurrence results in the immediate initiation of the next

scheduled crack. A new time to service damage is determined. If the new
time is less than the remaining aircraft service time, this event is
scheduled once again. This event can be scheduled from within itself or( in event ENTER.SERVICE.

Local Variables

IDSDM - This integer variable is the Identification number of the aircraft
from which the event was scheduled.

OURS.TO.SERVICE.DAMAGE - This real variable is the time to the next
occurrence of service damage.

RST - This real variable is the remaining service time to the retirement
o--the aircraft being considered.

r
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EVENT T. IMPLEMENT.MOD

DESCRIPTION - This event represents the development of a structural
modificati6n because of a fatigue test failure. A new predicted life for
the modification is determined by using the old predicted life or twice
the actual average fatigue life, whichever is greater. The actual average
fatigue life of the modification is determined by calling REAL.LIFE. If
the modification is fatigue tested and the actual average fatigue life is
less than the predicted life, the actual average fatigue life is se't equal
to the predicted life. If the fatigue test failure occurs before one
service life, a retrofit modification is indicated and an inspection
increase is scheduled for active aircraft. This event is scheduled in the
MAIN program.

Local Variables

NEW.LIFE - This real variable is the predicted life of the modification.

NMU - This real variable is MU.R + .15 (I.-MU.R) and is based on the
assumption that a modification usually improves the actual average fatigue
life of a particular design.

NSIG - This real variable is .85(SIG.R) and is based on the same assump-
Th as for NMU.
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ROUTINE PREEDICT.SERVICE.DAMAGE

DESCRIPTION - This routine generates the time to service damage occurrence
for a given aircraft from a constant service damage occurrence rate., If
the service damage occurrence rate is zero in the input, the routine
sets the time to service damage to twice the aircraft service life.
This routine can be called from events ENTER.SERVICE and IN.SERVICE.DAMAGE.

Local Variables

OURS.TO.SERVICE.DAMAGE - This real variable is the time to service
damage in flight hours.

RN - This real variable is a uniformly distributed random number between
zero and one.

59 -

I



ROUTINE PREDICT.CORROSION

DESCRIPTION - This routine generates time to corrosion initiation for a
given aircraft from a time-dependent occurrence rate approximated by two
constant rates. The first constant occurrence rate, the second constant
occurrence rate, and the service time on the aircraft when the second rate
goes into effect are all input variables. This routine can be called from
the routine INSTALL.MODIFICATION and events ENTER.SERVICE and REPAIR.

Local Variables

CRCT - This real variable is the remaining time in flight hours until the
second corrosion o:currence rate goes into effect. This variable can be
negative indicating that the second rate is already in effect.

HOURS.TO.CORROSION - This real variable is the flight time until corrosion
TF at ion.

LP - This real variable is used to hold an intermediate value during the
c-alculation of time to corrosion initiation.

RN - This real variable is a uniformly distributed random number between
zero and one.
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EVENT CORROSION

DESCRIPTION - This event represents the initiation of a corrosion defect.
A probalistic determination is made of whether corrosion occurs externally
or internally and if it occurs at a stress concentration. A corrosion
damage factor is calculated depending on whether corrosion occurs in a
stress concentration. A multiplying factor for crack growth rates is set
equal to the numeric value for the corrosion resistance rating. If either
of the events FAILURE or REACH.FAIL.SAFE.LGT is scheduled, its remaining
time to occurrence is reduced by the corrosion resistance rating. The
remaining time to crack initiation is reduced by the corrosion damage
factor. This event can be scheduled in the routine INSTALL.MODIFICATION
and in events ENTER.SERVICE and REPAIR.

Local Variables

CDM.MULTIPLYING FACTOR - This real variable is the factor which when
multiplied by the remaining time to crack Initiation accounts for the
shortening effect of corrosion on fatigue life.

IDCO - This integer variable contains the identification number of the
air7craft for which the event CORROSION was scheduled.

NFTM - If a FAILURE has been scheduled, this real variable is the remain-
-ng time until its occurrence.

REDUCED.REMAINING.LIFE - This real variable is the REMAINING.LIFE multiplied
by the corrosion damage factors.

REMAINING.LIFE - This real variable is the remaining time until a scheduled
crack initiation.

RST - This real variable is the remaining service time of the aircraft
under consideration.

TRT - If a REACH.FAIL.SAFE.LGT has been scheduled, this real variable is
the remaining time until its occurrence multiplied by the corrosion
damage factor.

MAJOR LOGIC STEPS

1. Call COMP.RISK if crack exists.
2. Determine if corrosion is internal or external.
3. If inspections not scheduled (Call INSPECTION.SCHEDULER).
4. Determine if corrosion in stress concentration factor.
5. Calculate corrosion damage factor.
6. Set crack growth rate multiplying factor to corrosion

resistance rating.
7. Cancel I.ITE, 2.1TE, FAILURE, REACH.FAIL.SAFE.LGT,

1STRENGTH.REDUCTION, and 2.STRENGTH.REDUCTION if scheduled.
8. Schedule l.ITE, 2.ITE, FAILURE, REACH.FAIL.SAFE.LGT,1.STRENGTH.REDUCTION, and 2.STRENGTH.REDUCTION based on

time reduction by corrosion resistance rating or corrosion

damage factor.
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ROUTINE RATE

DESCRIPTION - This routine statistically generates element crack growth
rates whch- reflect variation in material properties and load environment.
The growth rates are randomly drawn from a normal distribution which is
defined by a mean growth rate and a standard deviation passed from the
calling routine. If a random draw yields a negative growth rate, the rate
is set equal to the mean growth rate minus four standard deviations.

Thus, the user must be sure that the standard deviation is always less
than one-fourth of the means. This routine is defined as a function in
the PREAMBLE and is used in event ENTER.SERVICE and INSTALL.MODIFICATION.

Local Variables

GIG2 - These real variables are used to hold intermediate values in tile
calculation of the crack growth rate.

M - This real variable is the mean crack growth rate passed from the
calling routine.

RN - This real variable is a uniformally distributed random number between
zero and one.

RNF - This real variable is 1 - RN.

S - This real variable is the crack growth rate standard deviation passed
ii-f-rom the calling routine.

W - This real variable is used to hold intermediate values in the calcula-
t-ion of the crack growth rate.

Z - This real variable is the element crack growth rate returned to the
Falling routine.
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EVENT 1.STRENGTH.REDUCTION

DESCRIPTION - This event represents the initiation of the first crack.
A uniform-random number is compared with the probability of internal
cracking to determine whether this crack initiates internally. If it
does initiate internally, the time until it becomes external is calcu-
lated and the event I.ITE is scheduled. The time to structural failure
is calculated using a five-part residual strength curve. If this time
is less than the remaining service life of the aircraft, the event
FAILURE is scheduled. The time until the residual strength of the
element reaches the fail safe length is calculated. If this time is
less than the remaining service life of the aircraft, the event REACH.
FAIL.SAFE.LGT is scheduled. This event can be scheduled in events
ENTER.SERVICE, INSTALL.MODIFICATION, and REPAIR.

Local Variables

A - This real variable is obtained for each aircraft from a log-normal
Uistribution defined by AMEAN.

ARG, KI, K2, K4, K8, K9, KlO, Kll, 102, K13, K14, K15, K16, K17, K18,
i1TK7---'W,-K24, LG, LOK5 - These real variables are used
as intermediate values in the calculation of time until structural
failure.

GRI - This real variable is the element first crack growth rate.

GR2 - This real variable is the element second crack growth rate.

GR3 - This real variable is the element third crack growth rate.

GR4 - This real variable is the element fourth crack growth rate.

IDISR - This integer variable is the aircraft identification number.

Rl, R2, R3, R4, R5 - These real variables represent the strength degrada-
MirToron the five-part strength degradation curve.

S-, S2, S3 - These real variables represent the residual strengths at
• -- T-, and CTHREE.

TAR - This real variable is the simulation time at which the aircraft
e7"ng processed retires from service.

T - This real variable is the time in flight hours until a crack initiated
internally becomes external.

TI, T2, T3, T4 - These real variables are the time required for the
crack to grow to CONE, CTWO, CTHREE, arid FSAF.LGT.

TTF - This real varidble is the time in flight hours until element
f-ailure.
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MAJOR LOGIC STEPS

1. Determine if crack initiates internally.
2. Calculate time for internal crack to become external.
3. If crack internal and becomes external within aircraft service

life (Schedule I.ITE).
4. If inspections not scheduled (Call INSPECTION.SCHEDULER).
5. Determine time to reach fail safe length.
6. If crack reaches fail safe length within aircraft service

life (Schedule REACH.FAIL.SAFE.LGT).
7. Determine time to failure.
8. If time to failure within aircraft service life (Schedule

FAILURE).
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EVENT 2.STRENG'H.REDUCTION

DESCRIPTION - This event represents the second crack initiation. A
uniform random number is compared with the probability of internal
cracking to determine whether this crack initiates internally. If it
does initiate internally, the time until it becomes external is cal-
culated and the event 2.ITE is scheduled if it occurs within the service
life of the airplane. The time to structural failure is calculated
using a nine-part residual strength curve, which is dependent on the
crack growth rate history of both the first and second crack. If the
time until failure is less than the remaining service life of the
aircraft, the event FAILURE is scheduled. The time until the residual
strength of the element reaches fail safe strength is calculated. If
this time is less than the remaining service life of the aircraft, the
event REACH.FAIL.SAFE.LGT is scheduled. This event can be scheduled in
events ENTER.SERVICE, INSTALL.MODIFICATION, and REPAIR.

Local Variables

A - This real variable is obtained for each aircraft from a log-normal
Tistribution defined by AMEAN.

ARG, KI, K2, K4, K8, K9, K10, KII, K12, K13, K14, K15, K16, K17, K18,
K(19, K20, K21, K22, K23, K24, K25, K26, K27 K28, K29, K30, K31, K(32,

K33, K34, K35 K36K37, K3 K3K39, K40, K41, K42, K43, K44, LGK5, LG-
These local variables are used as intermediate values in the calculat on
of time to element failure.

CCL1, CCL2, CCL3 - These real variables equal CONE, CTWO, and CTHREE
respectively.

DL - This real variable is the length of the first crack at corrosion
initiation.

GR1, GR2, GR3, GR4, GR5, GR6, GR7, GR8, GR9 - These real variables are
the combined growth rates o6fthe first and second cracks.

ID2SR - This integer variable is the aircraft identification number.

Rl, R2, R3, R4, R5, R6, R7, R8, R9, These real variables represent the
strength degradation on the nine-part strength degradation curve.

S1, S2, S3, S4, S5, S6, S7 - These real variables represent the residual
strengths at the actual crack length and fail safe length of the first
and second cracks.

T - This real variable is the time in flight hours until a crack initiated
Tnternally becomes external.

TAC - This real variable is the time of corrosion i,,.tiation.
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TAR - This real variable is the simulation time at which the aircraft
e--ng processed retires from service.

TAl - This real variable -is the time of the first crack initiation.

TCLI - This real variable is the time for the crack to reach CONE.

TCLL - This real variable is the time for the crack to grow between CONE
and CTWO.

TCL3 - This real variable is the time for the crack to grow between CTWO
an-dCTHREE.

Ti, T2, T3, T4, T5, T6, T7, T8 - These real variables are the times
required for the two cracks to reach critical crack lengths and fail
safe lengths.

MAJOR LOGIC STEPS

1. Call COMP.RISK.
2. Determine if crack initiates internally.
3. Calculate time for internal crack to become external.
4. If crack internal and becomes external within aircraft

service lifa (Schedule 2.1TE).
5. Determine time for two cracks to reach fail safe length.
6. If cracks reach fail safe length within aircraft service

life (Schedule REACH.FAIL.SAFE.LGT).
7. Determine time to failure.
8. If time to failure within aircraft service life

(Schedule FAILURE).
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EVENT L.ITE

DESCRIPTION " This event.represents the time when a first crack which
initiated internally becomes external. This time is defined by L.EXT, an
input quantity. At this time the appropriate element of the alpha array1.INT is changed from "YES" to "NO". This event is scheduled in event
1. STRENGTH. REDUCTION.

Local Variables

ID-E- This integer variable is the aircraft identification number.
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EVENT 2.ITE

DESCRIPTION- This event represents the time when a second crack which
initiated Tnternally becomes external. This time is defined by L.EXT,
an input quantity. At this time the appropriate element of the alpha
array 2.INT is changed from "YES" to "NO". This event is scheduled in
event 2.STRENGTH REDUCTION.

Local Variables

ID2E - This integer variable is the aircraft identification number.

I.
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ROUTINE INSPECTION.SCHEDULER

DESCRIPTION - This routine schedules all inspections below the D-level on
a given aircraft. To conserve execution time, the inspections are scheduled
so that the aircraft Is not inspected before the defect reaches its minimum
detectable size at the A, B, and C inspection levels. This routine is
called from events 1.STRENGTH.REDUCTION and COROSION.

Local Variables

Cl - This real variable is the corrosion growth rate used to calculate the
tfine to the minimum detectable corrosion area.

Ml - This real variable is the crack growth rate used to calculate the
Mt-'e to the minimum detectable crack length.

N - This integer variable indicates whether a crack initiation or a corrosion
Tnitiation caused this routine to be called.

S.INSP.AT - This real variable is the simulation time at which the first
inspection at each level is scheduled.

TML - This real variable is the time to the minimum detectable defect size
caTculated for each level of inspection.
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EVENT A.LEVEL.INSPECTION

DESCRIPTION - This event represents the performance of an A-level
'inspect on. The constants which define the probability of detection
are passed to the routine EXAMINE which handles the actual inspection.
If a defect is detected on one of the ten high time aircraft, the time is
stored in array 1IRDD, This event can be scheduled in the routine
INSPECTION.SCHEDULER and the events A.LEVEL.INSPECTION, B.LEVEL.INSPECTION,
C.LEVEL..INSPECTION, and D.LEVEL.INSPECTION.

Local Variables

FOUND - This real variable is used to indicate if a defect is found
andithe type of defect.

IDA - This integer variable is the indentification number of the aircraft
ebeing inspected.
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EVENT B.LEVEL.INSPECTION

DESCRIPTION - This evcnt represents the performance of a B-level inspection.
The inspection Is not done, If the B-level inspection is within one- alf a
B-level interval from the next C-level or D-level Inspection. The constants
which define the probability of detection equation at the B-level are passed
to the routine EXAMINE, which determines if the defect is found. The
inspection interval for each inspection level is not necessarily an even
multiple of all lower level intervals. If an A-level inspection is scheduled,
it is cancelled and rescheduled at present time, plus one A-level interval
later. If a defect is detected on one of the ten high time aircraft, the
time is stored In array MRDD. This event can be scheduled in the routine
INSPECTION.SCHEDULER and events B.LEVEL.INSPECTION, C.LEVEL.INSPECTION,
and D.LEVEL.INSPECTION.
Local Variables

FOUND - This real variable is used to indicate if a defect is found and
,F--Type of defect.

IDB - This integer variable is the identification number of the aircraft
-Tng inspected.
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EVENT C.LEVEL.INSPECTION Ii
DESCRIPTION - This event represents the performance of a C-level if
inspection. The inspection is not done, if the C-level inspection is
within one-half a C-level interval of the next D-level inspection.
IF there is either an A-level or a B-level inspection currently
scheduled, It is cancelled and rescheduled at one A-level or B-level
interval, respectively, later. The constants which define the
probability of defect detection equation at the C-level are passed
to the routine EXAMINE, which determines If the defect is found. The
C-level inspection uses both exploratory and non-exploratory probabil-
ity of detection curves. The non-exploratory curve goes into effect
after one crack has been detected. If a defect is detected on one of
the ten high time aircraft, the time is stored in array MRDD. This
event can be scheduled in routine INSPECTION.SCHEDULER and eventsC.LEVELINSPECTION and D.LEVEL.INSPECTION.

Local Variables

FOUND - This real variable is used to indicate if a defect is found
and-t-he type of defect.

IDC - This integer variable is the identification number of the aircraft
Being inspected.
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EVENT D.LEVEL.INSPECTION

DESCRIPTION - This event represents the performance of a D-level inspec-

tion. If there are any lower level inspections currently scheduled,
they are cancelled and rescheduled at one Inspection interval later. A
determination is made whether an aircraft receives an external or
internal inspection dependent on the current value of the variable
SAMPLING. The constants which define the probability of defect detection
equation at the D internal and external levels are passed to the routine
EXAMINE, which determines if a defect is found. Explanatory and non-
explanatory probability of crack detection curves are used. Non-explan-
atory crack detection curves go into effect after a crack has been
detected. The defect histories of the ten-high time aircraft are now
examined. If all of the ten-high time aircraft time goes one D-level
interval without a defect being detected at any inspection level, the C-
level and D-level intervals are increased and the value of SAMPLING is
changed.

The changes in the C and D intervals and SAMPLING are dependent on the
current value of the D-level interval. If the current D-level interval
is less than or equal to 12,000 hours, the following relations are used:

ABCD(3) ABCD(3) * FREQ.DECREASE /2 +1
NEW OLD

ABCD(4) = ABCD(4) * FREQ.DECREASE *2 +1
NEW OLD

SAMPLING = SAMPLING/(FREQ.DECREASE *2 +1)+l
NEW OLD

If the current D-level interval is greater than 12,000 hours, the
following relations are used:

ABCD(3) = ABCD(3) * (FREQ.DECREASE +1)
NEW OLD

ABCD(4) = ABCD(4) * (FREQ.DECREASE +1)
NEW OLD

SAMPLING SAMPLING +1
NEW OLD

The D-level inspection interval is limited to 32,000 hours and the C-
Level interval is limited to 32,000 times the ratio of the initial C-
interval to the initial D-interval. The D-level inspection interval for
all aircraft is rescheduled at the new value. No changes are permitted
if a modification is pending. If a service modification or retrofit
modification is pending, it is done at the D-level. If the D-level
interval has been decreased prior to a modification, then it is restored
to its value prior to the decrease after the modification.
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A check is done in the routine to replace the ten high time aircraft
after they retire. The ten high time aircraft are replaced by ten
aircraft whose next D-level inspection occurs closest to one D-level
interval from the last increase. After this point the last ten aircraft
in the fleet are taken as the high time aircraft.

If a defect is found and a modification is not done, a repair is scheduled.
This event can be scheduled in the events ENTER.SERVICE, D.LEVEL.
INSPECTION, T. INSPECTION. INCREASE and INCREASE.INSPECTION.FREQUENCY.

Local Variables

DECC - This real variable is the factor the C-interval is multiplied by
for an interval increase when old D-interval is less than 12,000 hours.

DECD - This real variable is the factor the D-interval is multiplied by
for--an interval increase when old D-interval is less than 12,000 hours.

FOUND - This real variable is used to indicate if a defect is found and
the type of defect.

IDD - This integer variable is the identification number of the aircraft
being inspected.

N - This integer variable contains the identification numbers of aircraft
that receive internal D-level inspections.

SMALL - This real variable is used in determining which ten aircraft
replace the ten high time aircraft after they retire.

MAJOR LOGIC STEPS

1. Schedule the next D.LEVEL..INSPECTION.
2. Cancel and reschedule lower level inspections one interval

from the present D-level inspection.
3. Determine if internal or external inspection.
4. Call EXAMINE.
5. Check high time aircraft for defect.
6. Increase inspection intervals if no modification pending

and no defect on high time aircraft.
7. Reschedule D.LEVEL.INSPECTION if step 6 is true.
8. Determine aircraft that will replace ten high time aircraft

after they retire.
9. If modification pending:

a. Call INSTALL.MODIFICATION.
b. Reschedule D.LEVEL.INSPECTION.

1.c. Return.
10l. If defect found, schedule REPAIR.
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ROUTINE EXAMINE

DESCRIPTION - Th!s routine performs the numerical comparison which
determines whether a defect is detected at each level of inspection.

"* This reutine receives constants from calling routines which determine
the probability of defect detection. The calculation of the probability
of corrosion detection and the probability of crack detection that is
exponential is done by routine PODD. For crack lengths that are not on
the exponential curve the probability of detection is determined in
routine EXAMINE for all inspection levels. Internal defects can only be
detected by internal inspection. Cracks that originate internally and
become external can be detected by external inspection, but use only the
external length of the crack. If a defect is detected, a repair is
scheduled if the inspection level is A, B, or C. This routine can be
called from events A.LEVEL.INSPECTION, B.LEVEL.INSPECTION, C.LEVEL.
INSPECTION, and D.LEVEL.INSPECTION.

Local Variables

AREA - This real variable is the calculated area of the corrosion
UeFect.

CCLI - This real variable is the first critical crack length.
II,

CCL2 - This real variable is the second critical crack length.

CCL3 - This real variable is the third critical crack length.

CL. - This real variable is the calculated length of the fatigue crack.

FOUND - This real variable is set equal to two whenever corrosion is
detected and to one whenever a crack is detected.

Ml, M2, M3, M4 - T'hese real variables are the individual element crack
growth rates.

N - This integer variable identifies the inspection level and is passed
'Fy the calling event.

* 4PL - This real variable is the probability of defect detection.

TAC - This real variable is the simulation time of corrosion initiation.

TAl - This real variable is the simulation time of the first crack
initiation.

TA2- This real variable is the simulation time of the second crack
-nTtiation.

XA, XL, YA, ZA, ZL - These real variables are the probability of defect
detection constants for the exponential curve and are passed by the
calling routines.
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Z - This alpha variable is the level of inspection being performed.

MAJOR LOGIC STEPS

1. If corrosion exists, and inspection is internal, or corrosion
is external:
a. Calculate corrosion area.
b. Call PODD to determine probability of detection.
c. Draw random number and compare to probability of

detection. If random number less than or equal to
probability of detection, then corrosion is found.

2. If first crack exists, and inspection is internal or crack
is external:
a. Calculate crack length.
b. If crack originated internally and inspection is external,subtract internal portion of crack from crack length.
c. Determine probability of detection for crack, if crack

length is on non-exponential part of detection curve.

Probability of crack detection is dependent on
inspection level and crack length.

d. If crack length on exponential part of detection curve, 1
call PODD for probability of detection.

e. Draw random number and compare to probability of
detection. If random number less than or equal to
probability of detection, the first crack is found.

f. If crack found and crack originated internally and
external inspection, add internal portion of crack back
to length for -'ecording of total crack length.

3. If second crack exists, and inspection is internal or crack
is external (Same as steps 2A - 2F).

4. If defect found, schedule REPAIR if inspection level A, B, or
C.
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ROUTINE PODO

DESCRIPTION - This routine computes the probability of detection for
corrosion and for cracks that are on the exponential portion of the
crack detection curve. This probability is returned to the calling
routine. PODD is called from routine EXAMINE and event IMMEDIATE..
FLEET.INSPECTION.

Local Variables

L - This real variable is the size of the defect under consideration.

RL- This real variable is the probability of detection of the defect.

X - This real variable is the maximum probability of detection at a given
inspection level.

Y - This real variable is an empirically determined equation constant
for each level of inspection.

Z - This real variable is the minimum defect size detectable at a given
Tnspection level.
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ROUTINE CANCEL.SCHEDULED.INSPECTIONS

DESCRIPTION - rhis routine cancels all sched-uled inspections below the
D-le~el on a given aircraft. Whenever a defect is detected and repaired,
it is assumed that all other defects existing on that particular element
are also repaired. This routine is called at this time to cancel all
subsequent inspections. Also, if an element fails or an aircraft with
existing defects is retired, this routine is called to cancel all
scheduled inspections. This routine can be called from events FAILURE,
RETIRE.FROM.SERVICE, and REPAIR.
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EVENT REACH.FAIL.SAFE,L6T

DESCRIPTION - This event represents the time when the residual strength
of the element has been reduced to the fail-safe strength. The time and
aircraft identification numbers are saved as output. The calculations

I' of the strength reduction is based on the sum of the two crack lengths,
if the second crack is present In the element. This event can be
scheduled in events 1.STRENGTH.REDUCTION and 2.STRENGTH.REDUCTION.

Local Variables

IDRFS - This integer variable is the identification number of the aircraft
b•eng processed.
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EVENT FAILURE

DESCRIPTION - This event represents structural failure. When this event
occurs, the aircraft is removed from the active fleet. If this aircraft
was one of the ten high-time aircraft being monitored for the purpose of
increasing inspection intervals, it is replaced by the next high-time
aircraft in active service. Any remaining scheduled events are cancelled
and their event routines destroyed. The events INCREASE.INSPECTION.
FREQUENCY and routine COMP.RISK is called. This event can be scheduled
in events 1.STRENGTH.REDUCTION and 2.STRENGTH.REDUCTION.

Local Variables

HOLD This integer variable serves as an intermediate storage for aircraft
T•'entification when replacing one of the ten high-time aircrafts.

IDFA - This integer variable is the identification number of the aircraft
und-er consideration.

S- This real variable is the residual strength at failure.
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EVENT RETIRE.FROM.SERVICE

DESCRIPTION - This event represents the retirement of an aircraft from
active service. If a crack exists the routine COMP.RISK is called. The
aircraft being retired is removed from the set ACTIVE.FLEET and filed inF ~ ~the set FLEET.RETIRED. All remaining scheduled events for this aircraft iJ
are cancelled and the event notices destroyed. This event is scheduled
in the event ENTER.SERVICE.

Local Variables

IDRET - This integer variable is the identification number of the
aircFaft being retired from service.

I ,I
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SEVENT REPAIR I

DESCRIPTION - This event represents the structural repair of an element.
V t e-vets FAILURE and REACHFAIL.SAFE.LGT are scheduled, they are
cancelled. It is assumed that all existing defects are repaired and
that new times to defect occurrences are determined in the same manner
as when the aircraft entered service. The size and number of all
existing cracks are compared with the inspection interval decrease
criteria.

The inspection interval decrease criteria differentiates between large
and small cracks. Large crack criteria is a crack greater than the
fail-safe length or if the sum of the crack lengths plus crack growth
rate times inspection interval is greater than (SU-I.2*(DILL+l)-l)*FSAF.
LGT/(SU-SF). The inspection interval is the current D-level interval
if the crack is found in an external inspection. Otherwise, the
inspection interval is the current D-level interval times the current
SAMPLING. If a large crack is found, an IMMEDIATE.FLEET.INSPECTION
and INCREASE.INSPECTION.FREQUENCY is scheduled.

If the special fleet inspection detects a crack, the inspection interval
can be reduced again if the crack detected during the special
inspection meets the criteria just discussed. Small cracks are those
not determined by the criteria to be large. If the sum of the cracks
found in the entire fleet times the fail-safe crack length is greater
than one-fifth of the fleet size, the inspection interval is reduced.

If a modification is pending on the aircraft being repaired, the
modification is installed at this time. A decision on modification, due
to the current defect, is scheduled. The routine COMP.RISK is called.
This event can be scheduled in routine EXAMINE and events D.LEVEL.
INSPECTION and IMMEDIATE.FLEET.iNSPECTION.

Local Variables

AAFL - This real variable is the actual average fatigue life of the element.

CCLI, CCL2, CCL3 - These real variables are the critical crack lengths.

CL - This real variable is the crack length.

FIRST.LIFE - This real variable is the time in flight hours to first
crack initiation.

HOURS.TO. CORROSION - This real variable is the time in flight hours to
corrosion initiatTon.
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IDREP - This integer variable is the aircraft identification number.

MAX.CRK - This real variable is the sum of the crack lengths in the
element. {

POT.CRK - This real vwriable is the sum of the maximum crack length and
tFe-Teength that the crack wil'l gain in the next D-level inspection
interval.

RST - This real variable is the remaining service time of the aircraft.

SDL - This real variable is 1.2* DLL - 1.

SECOND.LIFE - This real variable is the time in flight hours to the
second crack initiation.

STR.RED - This real variable is the element strength reduction because
of a17 existing cracks.

TAC - This real variable is simulation time to corrosion initiation.

TAI, TA2 - These real variables are simulation time to the first and
second crack initiation.

MAJOR LOGIC STEPS

1. Cancel REACH.FAIL.SAFE.LGT and FAILURE, if scheduled.
2. Cancel CORROSION if corrosion exists.
3. Call PREDICT.CORROSION.
4. Schedule CORROSION if it occurs within remaining

service life.
5. Calculate first and second crack lengths.
6. Calculate fleet strength reduction and potential

crack growth.
7. If crack large, schedule an IMMEDIATE.FLEET.INSPECTION and

an INCREASE.INSPECTION.FREQUENCY.
8. If crack small and fleet strength reduction criteria met,

schedule an INCREASE. INSPECTION. FREQUENCY.
9.. Install modification if pending, call INSTALL.MODIFICATION.

10. For, fatigue test failure modification cancel T.INSPECTION.
INCREASE if scheduled.

11. If crack exists, call COMP.RISK.
12. Schedule DECISION.ON.MOD.
13. Cancel and reschedule fatigue crack initiation.
14. If inspection scheduled, call CANCEL.SCHEDULED.INSPECTIONS.
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EVENT T. INSPECTION. INCREASE

DESCRIPTION - This represents an inspection interval decrease for a
particular aircraft pending a structural modification because of a
fatigue test failure. The D-interval is reduced by the input quantity
T.FREQ.CHG. The D-level inspection is rescheduled for aircraft with
modification pending. This event is scheduled in event T.IMPLEMENT.MOD.

Local Variables

IDTI - This integer variable is the identification number of the aircraft
under consideration.
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EVENT INCREASE. INSPECTION.FREQUENCY

DESCRIPTION -This event represents a fleet wide decrease in the D-level
Tnspecton-interval and a change In SAMPLING. The D-level inspection
interval is reduced by the input quantity S.FREQ.CHG.SAMPLING is set
equal to one, if the crack is detected in a D-level internal inspection.

F For SAMPLING equal to one, every aircraft Is inspected internally at the
D-level. If the crack is not found in an internal D-level inspection
SAMPLING is changed by dividing its current value by S.FREQ.CHG. The D-
level inspection interval for the entire fleet is then rescheduled.
This event can be scheduled in events REPAIR and IMMEDIATE.FLEET. INSPECTION.

i
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EVENT IMMEDIATE.FLEET.INSPECTION

DESCRIPTION - This event represents an immediate fleet-wide inspection
caused by finding a large crack. Existing crack lengths and corrosion
areas are calculated along with the associated probabilities of detec-
tion. As in the scheduled inspections, these probabilities are compared

with a random number to determine whether or not the defect is detected.
If any cracks are found and the inspection intervals had not previously
been reduced an IMCREASE. INSPECTION.FREQUENCY is scheduled. If any
defects are found a REPAIR is scheduled. These defects will not cause
any additional fleet-wide inspections. This event Is scheduled in event
REPAIR.

Local Variables

AREA - This real variable is the area of an existing corrosion defect.

CCLU, CCL2, CCL3 - These real variables are the critical crack lengths.

CK.FIND - This real variable is set equal to one if a crack is found in
the special inspection.

CL - This real variable is the length of an existing crack.

FOI•ND - This real variable indicates if a defect is found and the type
of-d-efect.

Ml, M2, M3, M4 - These real variables are the four crack growth rates.

PL - This real variable is the probability of detection of an existing
e-fect.

TAC - This real variable is the time of initiation of an existing
corrosion defect.

TAl, TA2 - These real variables are the times to initiation of the first
and second cracks.

MAJOR LOGIC STEPS

1. If corrosion exists:
a. Calculate area.
b. Determine probability of detection, call PODD.
c. Compare with random number to determine if detected.

2. If first crack exists:
a. Calculate length.
b. Determine probability of detection, call PODD if

on exponential part of detection curve.
c. Compare with random number to determine if detected.

3. If second crack exists:
(Same as 2A - 2C).
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4. If high time aircraft have defects, record time.
5. If defects found, schedule REPAIR.
6. If crack found and inspection Interval not previously

reduced, schedule an INCREASE. INSPECTION. FREQUENCY.
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EVENT DECISION.ON.MOD

This event makes the decision on whether or not to develop a structural
modification because of service experience. The decision to develop a
modification is made by comparing the cost per flight hours of the
modification with the repair cost per flight hours plus the increased
inspection cost per flight hours. The modification cost per flight
hours is found by dividing the total fleet modification cost by the
remaining service life of the fleet. The repair cost per flight hours
is found by dividing the total fleet repair costs since the last modi-
fication by the fleet flight time since the last modification. The
increased inspection cost per flight hour is found by dividing the
projected increased inspection costs by the remaining service life of
the fleet. SAMPLING is included in the Increased inspection costs
calculation since cracks found in internal D-level inspections set
SAMPLING equal to one, while SAMPLING is changed by S.FREQ.CHG if the
crack is not found at the internal D-level insnection. If a decision is
made to modify, the event IMPLEMENT.MODIFICATIuN is scheduled. This
event is scheduled in the event REPAIR.

LOCAL VARIABLES

ACCUMULATED.HRS - This real variable is the total fleet time since the

last modification.

ICPH- This real variable is the increased inspection cost per flight
hour.

hCPoHu- This real variable is the modification cost per flight hour.

MD.COST - This real variable is the cost of installing a modification on
a single aircraft.

MRFH - This real variable is the service time remaining on a particular
a-cWrraft after its modification.

NFTS - This real variable is the total production time of all aircraft
entering service after the second production rate goes into effect.

NPDL - This real variable is the number of aircraft which have entered
service.

POST.MOD.HRS - This real variable is the total fleet service time
rEmaining after the modification.

RCPH - This real variable is the repair cost per flight hour.

TOOLING - This real variable is the tooling cost in the development of a

modi'fication.
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!..:i, EVENT IMPLEMENT.MODIFICATION

,: DESCRIPTION - •his event represents the development of a modification
Sbecause of service experience. If the modification is to be fatigue

tested, the actual average fatigue life is set equal to the original
predicted life of the element design. Otherwise, the actual average
fatigue life is determined by calling routine REAL.LIFE. The modi-
fication will be installed on each aircraft at the next D-level inspec-
tion or defect repair. The D-level inspection interval and D-level
internal sampling are set to their values prior to the interval reduc-
tion. This event can be scheduled in event DECISION.ON.MOD.

Local Variables

NSIG - This real variable is the standard deviation of the ratio distribu-
Spassed to routine REAL.LIFE.

NMU - This real variable is the mean of the ratio distribution passed to
•tine REAL.LIFE.

i

i

!
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ROUTINE DISPLAY.OUTPUT

DESCRIPTION - This routine prints the output for each element. This
output is suppressed if the long list option is in effect. This routine
is called from the MAIN program.

Local Variables

All the local variables in this routine are used to temporarily store
output values.

- 90 -
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ROUTINE SUMMARY

DESCRIPTION - This routine prints the summary output for each element
type. This output is suppressed if the long list option Is in effect.
This routine is called from the MAIN program.

Local Variables

All the local variables in this routine are used to temporarily store
output values.

- 91 -



ROUTINE SUMMARY

DESCRIPTION - This routine prints the summary output for each element
type. This output is suppressed if the long list option is in effect.
This routine is called from the MAIN program.

Local Variables

All the local variables in this routine are used to temporarily store
output values.

911
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APPENDIX B

MODIFIED PROGRAM SOURCE LISTING
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